The "Cost of Basic Needs" (CBN) approach to drawing consumption-based poverty lines is widely applied and lays credible claim to being the best practice for estimating poverty measures. Unfortunately, a growing mass of evidence indicates that poverty estimates obtained under the CBN approach are often demonstrably utility inconsistent. Here, we introduce an information theoretic approach for estimating utilityconsistent poverty lines. An example of the approach is provided for the case of Mozambique. The approach represents a powerful addition to the poverty analyst's tool kit and enhances the attractiveness of the CBN approach for practical poverty measurement problems.
Introduction
Poverty reduction has become one of the primary objectives of development assistance, and changes in poverty have become central yardsticks by which development assistance and accompanying government action are measured. The stakes are often high. In many poor countries, failure to reduce measured poverty levels over the medium term would very likely catalyze widespread calls for major policy reform as well as country program reviews by donor organizations, including a reassessment of the overall level of assistance. In this environment, reasonably precise measures of poverty levels and changes in poverty levels through time are obviously desirable.
Not surprisingly, a voluminous literature exists on appropriate ways to measure poverty and a large variety of approaches have been proposed. This article focuses specifically on the "Cost of Basic Needs" (CBN) approach to drawing consumptionbased poverty lines described by Ravallion (1994 Ravallion ( , 1998 . This approach is widely applied and lays credible claim to being the best practice for estimating income (or consumption) poverty measures such as the P α class of measures developed by Foster, Greer, and Thorbecke (1984) . Nevertheless, a growing mass of evidence indicates that poverty estimates obtained under the CBN approach are often demonstrably utility inconsistent (Ravallion and Lokshin 2003; Tarp et al. 2002) .
In this article, we introduce an information theoretic approach for estimating utility-consistent poverty lines, and provide an example of the approach for the case of Mozambique. The article is structured as follows. Section 2 briefly reviews the issue of utility consistency in the context of poverty lines and presents the revealed preference tests that have been applied recently to test for utility consistency. Section 3 provides a brief review of information theory, with a focus on entropy estimation. Section 4 presents the estimator in general form. Section 5 discusses application of the approach to the case of Mozambique. We conclude, in Section 6, that the information theoretic approach presented here represents a powerful addition to the poverty analyst's tool kit and enhances the attractiveness of the CBN approach for practical poverty measurement problems.
Utility Consistency and the Cost of Basic Needs Approach Consumption Bundles, Relative Price Shifts, and Utility
In the CBN approach, poverty lines are obtained on the basis of the cost of a bundle of goods that correspond with an arbitrarily chosen minimum level of well-being, usually based on nutritional requirements and basic nonfood needs. The exact number of distinct bundles to employ and their composition remain a vexing problem. Tarp et al. (2002) demonstrate that where large differences in relative prices across regions exist and preferences are not Leontief (or nearly so), use of a common bundle across all regions leads to poverty lines that are typically higher than they should be and the strong possibility of re-ranking in poverty comparisons (e.g., utility inconsistency). 1 The same argument holds for a constant bundle through time rather than across space when relative prices vary through time.
The crux of the issue can be illustrated in a highly simplified context using the case of relative price changes through time. The situation is exactly analogous if relative prices vary across space for a given point in time. Generally, when relative prices vary either through time or across space, the link between the cost of any single bundle and any given level of welfare deteriorates.
The exact degree of deterioration depends upon preferences and the extent of shifts in relative prices. In terms of Figure 1 Gibson and Rozelle 1999, 2003) .
These tests are considered in the next subsection.
Revealed Preference Tests for Utility Consistency
The notion of revealed preferences originates in microeconomic theory. The idea is to apply the restrictions on rational consumer behavior postulated in microeconomic theory without imposing any specific form for preferences on individual behavior.
Revealed preference restrictions rely on the assumption that consumers prefer consuming more rather than less (nonsatiation) (Varian 1992) . To begin, assume identical consumers who prefer more to less and whose preferences are defined on
commodities with each consumer living in a distinct spatial domain, r, among the set of spatial domains R [ R r ∈ ]. We instruct these consumers to spend the minimum necessary in order to attain the same arbitrary level of utility. Prices potentially differ across spatial domains. Under these conditions, the following revealed preference conditions will hold:
where r' represents an alias index for the set of spatial domains R [ R r r ∈ ' , ] and the variables p and q represent prices and quantities, respectively.
The logic behind this set of restrictions is as follows. For a given spatial domain r, the representative consumer in r has the opportunity to choose any bundle that delivers the required utility level. As this consumer is rational and prefers more to less, she will choose a cost minimizing bundle, q r . 2 By cost minimization, the cost of any other bundle that delivers the same level of utility, evaluated at prices p r , must be at least as much as the cost minimizing bundle. Since, by assumption, the selected bundle in each spatial domain delivers the same utility level, condition (1) must hold for all possible pairs of spatial domains.
It is illuminating to consider the contrary case: suppose the inequality in equation
(1) fails to hold for some region pair (r and r'), yet preferences are still identical across regions. When both bundles are evaluated at prices p r , a rational consumer would only choose a more expensive bundle, q r , over an alternative bundle, q r' , if the chosen bundle yields higher utility. In this case, the maintained hypothesis of constant utility levels across bundles is rejected; in other words, the bundle, q r , is revealed preferred to the alternative bundle, q r' . Failure of condition (1) is also possible if preferences are not identical across regions. Also, note that comparison of bundles through time rather than across space as presented above is completely analogous.
The application of conditions such as those outlined in equation (1) For the purposes of poverty analysis, this is arguably a highly attractive feature of revealed preference conditions. Meeting revealed preference conditions does not impose identical preferences across regions or through time. However, for the conditions to be satisfied, the observed behavior must be consistent with a set of rational preferences.
Consistency with some arbitrary unknown preference set would appear to be a minimum condition for making the welfare comparisons fundamental to poverty analysis. Revealed preference conditions require this minimum and no more.
Empirical Relevance of the Problem of Choosing Utility-consistent Bundles
To summarize, utility consistency of the CBN approach is not guaranteed. In particular, the use of a single basic needs consumption bundle will generate inconsistent regional comparisons when relative prices vary across space, and inconsistent intertemporal comparisons when relative prices change over time. The use of multiple bundles represents the obvious alternative; however, assuring that the different bundles give the same (or nearly the same) level of well-being presents a real concern.
Fortunately, revealed preference conditions provide a convenient means of testing for utility consistency. This revealed preference approach to testing bundles for utility consistency has been applied recently by Ravallion and Lokshin (2003) for Russia; Gibson and Rozelle (1999, 2003) for Papua New Guinea; and MPF/IFPRI/Purdue (2004) for Mozambique. From this point, the existing literature becomes significantly less helpful.
Ravallion and Lokshin (2003) point out the possibility that scalar corrections to the bundles could result in satisfaction of the revealed preference conditions, and they construct a test to determine whether feasibility with respect to revealed preference conditions might be obtained through scalar corrections. However, the possibility of a set of scalar corrections is rejected for their case (Russia). Gibson and Rozelle (1999) opt to aggregate regions until revealed preference conditions are satisfied (or nearly so). Both approaches fall well short of a general procedure for estimating CBN bundles that meet revealed preference conditions.
When confronted with failure of revealed preference conditions despite every effort at careful construction of the bundles, we posit that the poverty analyst has, in fact, reached a familiar juncture in experimental science. The analyst has used all available information to construct the bundles, yet the bundles fail to meet the minimum conditions necessary for making valid welfare comparisons. As all information has already been incorporated into the construction of the original bundles, no additional information exists, by definition, on which to base adjustment of the bundles in order to conform to revealed preference conditions. This situation is a familiar one in diverse areas of enquiry. Consider the following examples. Despite careful collection of all available data following a year of economic activity, the national accountant is invariably confronted with a situation where the raw data fail to respect basic macroeconomic identities. Having carefully collected data on the motion of particles, the physicist notes that these data do not completely respect accepted rules of motion. A crime lab receives a photo of the license plate of a car fleeing the scene of a robbery. Unfortunately, the image is blurry and the license plate cannot be read. In all of these cases, the signal, despite the best attempts at observation, is noisy and fails to conform with what is required to be true. National accounts must respect basic macroeconomic identities. In order to make credible inferences, the physicist's data must conform to basic laws of motion. The license plate photo does not conform to what must be true about the license plate in question (e.g., the shape is rectangular with particular dimensions, the letters and numbers written on the plate are in block form, etc.).
Also, in all of these cases, relevant additional information would, without doubt, be useful. However, information is, at least for practical purposes, finite. At some point, the analyst is forced to obtain a coherent picture from the available information.
Increasingly, entropy estimation is being employed to accomplish this objective. The following section briefly introduces entropy estimation approaches.
Entropy Estimation
Entropy approaches to estimation are motivated by "information theory" and the work of Shannon (1948) , who defined a function to measure the uncertainty, or entropy, of a collection of events, and Jaynes (1957a; 1957b) , who proposed maximizing that function subject to appropriate consistency relations, such as moment conditions. The maximum entropy (ME) principle and its sister formulation, minimum cross entropy (CE), are now used in a wide variety of fields to estimate and make inferences when information is incomplete, highly scattered, and/or inconsistent (Kapur and Kesavan 1992) . The basic philosophy of entropy estimation is to use all available information and no more.
In economics, the ME principle has been successfully applied to a wide and rapidly growing range of estimation problems. Theil (1967) provides an early investigation of information theory in economics. Mittelhammer, Judge, and Miller (2000) provide a recent text book treatment that is focused more tightly on the ME principle and its relationships with more traditional estimation criteria such as maximum likelihood. Golan (2002) edits a special issue of the Journal of Econometrics focused on cutting-edge applications of the entropy principle.
In general, information in an estimation problem using the entropy principle comes in two forms: (1) information (theoretical or empirical) about the system that imposes constraints on the values that the various parameters to be estimated can take;
and (2) prior knowledge of likely parameter values. In the first case, the information is applied by specifying constraint equations in the estimation procedure. In the second, the information is applied by specifying a discrete prior distribution and estimating by minimizing the entropy distance between the estimated and prior distributions-the minimum cross entropy (CE) approach. The prior distribution does not have to be symmetric and weights on each point in the prior distribution can vary. If the weights in the prior distribution are equal (e.g., the prior distribution is uniform), then the CE and ME approaches are equivalent.
Considerable work has been done to bring the general regression model into information theoretic frameworks (Golan, Judge, and Miller 1996) . The framework also supports statistical inference (Imbens 1997) . However, for most applications, the real power of the framework is that it makes efficient use of scarce information in estimating parameters. 5 As stated by physicists Buck and Macaulay (1991, p. ix) , "the intention is to
give a way of extracting the most convincing conclusions implied by given data and any prior knowledge of the circumstance."
The Entropy Estimator
While the philosophy of entropy estimation and the properties of entropy estimators fill volumes, the actual empirical application of the entropy procedure is relatively simple. To obtain utility-consistent bundles, we set up the following constrained minimization problem. 
subject to
where notation is carried forward from condition (1), which has now become constraint Equation (2) is the minimum cross entropy objective. The problem treats the expenditure shares from the original bundle as providing prior information on consumption patterns in the region. Prior information in the minimum cross entropy framework classically comes in the form of probabilities associated with a discrete distribution. In the problem at hand, the expenditure shares are viewed as the probability that an arbitrarily small quantity of currency will be devoted to the purchase of good i.
The objective minimizes the entropy distance between the adjusted and original budget shares. The composition of the bundle-and consequently, the values of the budget shares-may need to be altered in order to meet revealed preference conditions. Overall, the optimization problem seeks to find, for each region r, vectors of quantities that satisfy revealed preference conditions and that preserve, to the greatest degree possible, the information content in the original budget shares.
The objective (2) is strictly convex. If all constraints were linear, the optimal solution would be a unique global minimum. However, as constraint equation (2b) is nonlinear, the possibility of local optima must be admitted unless a proof of uniqueness, within the relevant range of the solution set, can be devised. Pending a proof, standard numerical methods associated with nonlinear estimation (such as alternative starting values for variables and alternative algorithms for finding optimal solutions) should be employed in order to avoid local optima.
Two additional comments are worthwhile. First, for the minimization problem presented in (2), the minimum possible value for the objective function is zero (Golan, Judge, and Miller 1996) . This occurs when the adjusted shares equal the original shares.
Consequently, the scalar correction procedure suggested by Ravallion and Lokshin (2003) will be the solution to the minimization problem in (2), if feasible, as it leaves the original budget shares intact. Second, other constraints can easily be added. For example, the analyst might wish to require that each bundle exactly meets estimated calorie requirements for each location.
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We turn now to an application of the approach presented above to the case of 
Fixed Bundles and Substitution Effects
In 2002-03, two methods were employed to obtain the food basket. The first method simply involved using the same baskets from 1996-97; this is referred to here as the fixed bundle approach. Since this method is easy, it is ideal if it can be expected to function reasonably well. Unfortunately, the data indicate that relative prices for food products shifted substantially between 1996-97 and 2002-03 and that consumers adjusted their food consumption patterns in response to these shifts in relative prices. As mentioned in Section 2, the fixed bundle approach could be expected to overstate poverty rates in this environment. Under the assumption of Cobb-Douglas preferences, the measured poverty rate falls to 52.1 percent at the national level. This represents a substantial decline from the 63.2 percent rate obtained using the fixed bundle approach. As preferences are almost surely not Cobb-Douglas, the result is not a viable poverty estimate. Nevertheless, the result does confirm that accounting for price variation and consumer response, as in the flexible bundle approach, could result in measured poverty rates substantially below the levels implied by the fixed bundles approach.
Flexible Bundles and Revealed Preference Conditions
To account for quantity response to shifts in relative prices, new bundles within each domain were derived using the iterative approach described in Ravallion (1994), which was also the procedure applied to the 1996-97 HCS. The food bundles developed for each spatial domain were then tested to see if they satisfied regional and temporal revealed preference conditions. The results of the regional revealed preference tests are presented in Table 1 . These regional revealed preference tests pass only slightly better than half the time, and with only 6 mutually consistent pairs out of 78 possible. Notes: Rows refer to quantities and columns refer to prices. For example, the value 4,879 in cell (4,1) refers to quantities from Nampula-urban evaluated at Niassa-Cabo Delgado rural prices. The diagonal elements (outlined cells) indicate the original flexible basket food poverty lines. Off-diagonal elements represent different combinations of price and quantity vectors. Values in a column less than the value in the diagonal indicate failures of revealed preference conditions. These values are bolded. Six pairs, of 78 possible, are mutually consistent, meaning that revealed preference conditions are satisfied for both region i's bundle evaluated at region j's prices and for region j's bundle evaluated at region i's prices. These 12 cells are shaded and italicized. All figures are in meticais per person per day.
Temporal conditions also failed in some instances, although not as frequently. Note in particular that failures are consistently observed across row 3 (Nampula rural) indicating a low quality bundle in that domain. Consistent failures are also observed in columns 7, 8, 11, 12, and 13 (Manica, Tete, and Maputo), indicating relatively high quality bundles in those domains. Overall, poverty lines calculated on the basis of these original flexible bundles would be utility inconsistent.
Some practical issues associated with conducting the revealed preference tests for the particular case of Mozambique merit mentioning. First, the revealed preference tests are conducted using only food bundles. Price and quantity information is employed only for the food bundle that generates the food poverty line. As mentioned earlier, the nonfood poverty line is calculated on the basis of nonfood consumption shares for households living near the food poverty line. Difficulties associated with identifying quantities and prices of nonfood goods drive this choice. As a result, the revealed preference tests are conducted on a subset of the expenditures that comprise the poverty line, albeit an important subset since food represents around three quarters of total expenditure for those living at or somewhat below the poverty line.
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Second, consumption patterns do vary widely across the 13 spatial domains used in Mozambique. To conduct the regional revealed preference tests, one must determine the cost of the bundle chosen in region r' using prices in region r. In some instances, some commodities from the bundle of region r' are very rarely or not at all produced/traded in region r. Hence, information on prices for region r is lacking. In these instances, we assume that the price prevailing in region r is the maximum observed price across all spatial domains.
7 Revealed preference conditions then implicitly impose separability between food and nonfood expenditures.
Estimating Revealed Preference Consistent Food Bundles
To obtain consistent food bundles across space and through time, we solve the following constrained minimization problem. 
where basic notation is carried forward from equation set (2) with some revisions. s , was equal to zero, then the adjusted share was set equal to zero. In the limit, 0 ) / ln( = x x x as x approaches zero. Numerically, these terms were simply dropped from the objective. In addition, price and quantity variables now have temporal superscripts.
Practical choices also impinge upon the actual estimation. First, note that calorie requirements are imposed with equality (constraint (3e)). 9 More important, the spatial domains in Maputo City and Maputo Province (domains 11, 12, and 13) are excluded from the revealed preference conditions that compare bundles across space (constraint 3a). This choice reflects the large differences in mode of living that exist in Maputo. In particular, cash income and cash requirements are clearly more important in Maputo than in other regions. Also, opportunities to earn cash are more readily available. As a result, household members in Maputo City, including lower income households, more frequently work outside the home and more frequently purchase services, such as prepared food or milled grain, than in other regions where these services are overwhelmingly produced within the home. The method employed to measure consumption counts all expenditures made outside the home but ignores services produced and consumed at home, such as food preparation.
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This characteristic of the data helps to explain the nearly complete failure of revealed preference conditions in the Maputo columns of Table 1 . The failures might not be nearly so complete if the value of home-produced services implicit in the bundles from other regions were included at Maputo shadow values on labor. As the data do not permit estimation of this value, we choose to simply exclude Maputo from the spatial revealed preference conditions. This choice is also consistent with the analysis from 1996-97, where revealed preference conditions for Maputo also failed drastically. 9 The bundles are adjusted based on constant calorie requirements for each spatial domain. Once the adjusted bundles are obtained, they are rescaled to meet calorie requirements for each spatial domain. 10 This bias in consumption surveys is essentially the same as the bias in the national accounts, which exists in all countries. Home-produced/consumed goods, such as agricultural products, are valued, while homeproduced services, such as cooking and cleaning, are not. regions (including Maputo) also respect the temporal revealed preference conditions specified in equations (3b) and (3c). The increase in poverty rates in Nampula under the adjusted bundle is instrumental in raising the rural poverty rate above the urban poverty rate, which is also a more credible result. In addition, the adjustment procedure significantly reduces estimated poverty rates in Manica, which is consistent with other available welfare correlates for Manica.
Results
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Despite generating substantial changes in estimated poverty rates for some provinces, the qualitative story in terms of directions of movement compared with the levels estimated for 1996-97 is fairly robust. Under both the original flexible bundle and the adjusted flexible bundle approaches, poverty rates declined substantially nationwide.
11 For example, in 2002-03, households in Nampula Province ranked below the national average in bicycle ownership, slightly above the national average in radio ownership, and below the national average in number of meals consumed the day prior to the beginning of interviews. These indicators correlate with measured poverty rates (MPF/IFPRI/Purdue 2004). 12 Households in Manica in 2002-03 ranked well above the national average in bicycle ownership, radio ownership, and meals per day. Rates declined more rapidly in rural than in urban zones. Overall, the correlation in measured changes in poverty headcounts relative to the estimates from 1996-97 for the two estimators by province is about .85, indicating that both estimators tend rather strongly to point in the same direction on a provincial basis. 13 The utility-consistent estimates derived from the adjusted bundles present, in our view, the preferred estimates. 
Summary and Conclusions
With the focus of international development resources increasingly turned toward poverty reduction, the demand for reliable empirical estimates of poverty levels has grown dramatically. Governments and donors are particularly interested in making valid poverty comparisons across space and through time. In fluid developing country environments, generating these comparisons is challenging.
We present an approach for estimating utility-consistent poverty lines building on the approaches developed by Ravallion (1994 Ravallion ( , 1998 and Ravallion and Lokshin (2003) .
The basic approach, motivated by information theory, has been applied to numerous conceptually similar problems in empirical science across a variety of disciplines. Even though the philosophical roots of information theory and the links between information theory and other estimation criteria fill volumes, the actual practical application of the approach is quite straightforward. Overall, we conclude that the approach for estimating utility-consistent bundles represents a powerful addition to the poverty analyst's tool kit and enhances the attractiveness of the CBN approach for practical poverty measurement problems.
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